A b s t r a c t In the study, honey from oilseed rape Brassica napus L., and both hand-collected (winter rape Visby and Cult) and bee-collected pollen of oilseed rape were analyzed for their proteome content, in order to see if any plant proteins were present to allow the proteo-typing of the oilseed rape honey. Proteins were fractionated by two-dimensional gel electrophoresis (2DE), stained by Coomassie blue and then analyzed by mass spectrometry. All identified proteins were divided into few groups due to their biological function. In 2DE gels with separated proteins from blossom honey, only bee (Apis mellifera) main proteins (Major royal jelly protein 1-5 and Glucosidase) were found. So we analyzed all proteins using gel-free based analysis with the SYNAPT G2 high definition mass spectrometry. We identified proteins that were present in both oilseed rape pollen and honey (Bna, Polygalacturonase, Non-specific lipid-transfer protein, GAPDH and others). We believe that these proteins are important for the nutritional value of plant pollen-enriched honey and further research is required on honey and honeybee pollen protein.
INTRODUCTION
In recent years, there has been an increased demand for honeybee pollen as a healthy food supplement. The content of protein, fat, phosphorus, iron and vitamins (E, D, B 12 ) makes pollen's nutritive value comparable to dried beans or beef (Erlund, 2004) . The unique properties of pollen were one of the reasons for using it as a pharmaceutical preparation. It was also important whether pollen was gathered by hand directly from the flower or by bees which is particularly rich in vitamins with a far higher concentration of pantothenic acid. The German Federal Board of Health has officially recognized the use of pollen as medicine; pollen has been helpful when administered in cases of chronic prostatitis (Cai et al., 2014; Wagenlehner et al., 2009) . Some chronic diseases such as cancer, coronary, and neurological degeneration have been reported to be a consequence of oxidative damage (Babizhayev, Vishnyakova, & Yegorov, 2014; Jiang, Sun, & Chen, 2016) . The therapeutic potential of honey is almost always associated with the antioxidant capacity against reactive oxygen species (Ferreira et al., 2009) . Therefore, in recent years, studies have been focused on the composition of honeys and their biological properties such as antioxidant, anti-inflammatory and antimicrobial activities in wound healing, as well as in the treatment of Rape pollen and honey proteomic analysis , skin ulcers and gastrointestinal disorders (AlMamary, Al-Meeri, & Al-Habori, 2002; Tonks et al., 2003; Brudzynski & Kim, 2011; Nasir et al., 2010; Erejuwa, Sulaiman, & Wahab, 2012) . Oilseed rape (Brassica napus) is one of the most cultivated crop plants around the world. It is an important source of oil and medicinal components. The cultivation rate of oilseed rape around the globe has been increasing over the last ten years with about 31.5 Mha of lands used to cultivate in 2010 (Gulden, Warwick,& Thomas, 2008; Islam et al., 2013) . Rape seed (Brassica napus L.) crops and honey are very good and commonly used bee food. Its pollen contains such amino acids as Threonine, Valine and Methionine and 23% to 24% crude protein, but the exact content is not exactly known. Honey differs in its composition due to plant contribution and environmental conditions; the honey properties depend on the nectar/ pollen of the original plant, colour, flavour, moisture or sugar contents (da Silva et al., 2016) . Not much is known about the protein content of honey. In recent years a great deal of information has published about proteins that could be allergens in oilseed rape pollen (Chardin et al., 2001; Focke et al., 2003; Poikonen et al., 2006) . The aim of this study was to identify protein content and composition of the pollen from oilseed rape (Brassica napus L.) honey as well as hand-collected and bee-collected rape pollen and to classify detected proteins according their biological function.
MATERIAL AND METHODS

Collection of pollen from rape
Rape pollen grains for the study were collected either by hand from flowers or from pollen traps. All pollen samples were collected from the experiment fields of the Lithuanian Research Centre for Agriculture and Forestry, Institute of Agriculture in Kėdainių district, Lithuania. Mature pollen grains were hand-collected from freshly open winter rape Cult blossoms into Eppendorf tubes and stored at −80°C until analysis. Rape pollen gathered by bees was collected in accordance with good beekeeping practices and did not interfere with normal colony growth (Gracham, 1992) . Honeybeegathered pollen was collected from a standard pollen trap mounted on the hive entrance in good weather during rape blossoming. After removal from traps, the pollen was cleaned and kept in a refrigerator at −80°C in air-tight plastic bags.
Monofloral honey samples
Monofloral rape honey was harvested from bee colonies located in the Kėdainių district, Lithuania and used in this study. Honey samples were preserved in glass bottles and refrigerated (5°C) until analysis.
Protein isolation from pollen
Proteins from mature pollen (approx. 20 mg) were isolated as described by Sheoran et al., (2007) with some modifications. Briefly, mature pollen was homogenized with acetone containing 10% trichloroacetic acid (TCA) and 1% dithiothreitol (DTT). The solution was centrifuged 20.000 × g for 20 min at 4°C. The supernatant was collected as the first extract and pellet of pollen remains was washed two times more with acetone solution containing 1% DTT. The pellet was dried in a vacuum and proteins were extracted with isoelectric focusing (IEF) lysis buffer, the second extract. After centrifugation, both extracts were combined and directly used for protein analysis or stored at −20°C until analysis.
Protein isolation from honey samples
The honey samples (0.2 g/ml) were dissolved in distilled water, centrifuged at 3000 rpm for 20 min (K-24) and filtered on glass fibre prefilter (Millipore, 5-15 µ) under vacuum. The carbohydrate was removed using a capillary dialyzer Xevonta Lo 20 (B. Braun, Avitum, Melsungen, Germany). Part of the solution was concentrated about three times in a dialysis tubing VISKING (Serva, Heidelberg, Germany), keeping onto dry polyethylene glycol (PEG). Proteins were precipitated by adding four volumes of cold 80% acetone and incubated overnight at −20°C. The pellet was then washed with 1 ml chilled 80% acetone several times. The pellet was dried for 5 min at room temperature, suspended in IEF buffer as described above and stored at −20°C until analysis.
Electrophoretic separation of proteins by SDS/PAGE and 2DE
The proteins isolated from hand-and beecollected pollen and rape honey were fractionated by SDS/PAGE on gradient (7.5 -15 %) polyacrylamide gel and also resolved by twodimensional gel electrophoresis (2DE). An Immobiline DryStrip kit, pH range 3-11, and Excel gel SDS, gradient 8-18% was conducted for 2DE according to the manufacturer's instructions (Immobiline DryStrip kit for 2DE with Immobiline DryStrip and Excel gel SDS, Pharmacia Biotech, Sweden). For protein visualization, the gels were stained with Colloidal Coomassie G-250 (Bio-Rad Laboratories, USA). For 2DE fractionation of pollen proteins, three independent biological experiments were carried out.
In-gel digestion and MALDI-TOF MS
Areas of interest were cut out from the 2DE gels and subjected to overnight in-gel tryptic digestion (Shevchenko et al., 1996) . For MALDI-TOF analysis, the peptides were prepared and mass spectrometry analysis performed.
Protein sample preparation and mass spectrometry analysis Extracted proteins from hand-and bee-collected pollen as well as rape honey proteins were analysed by direct gel-free mass spectrometry analysis. For this, isolated proteins were applied on Amicon Ultra-0.5 mL 30 kDa centrifugal filter unit (Sigma-Aldrich, USA). Trypsin digestion was done according to a modified FASP protocol as described by Wisniewski et al., (2009) .
Data processing, searching and analysis Raw data files were processed and examined using ProteinLynx Global SERVER (PLGS) version 2.5.2 (Waters Corporation, UK). The following parameters were used to generate peak lists: (i) minimum intensity for precursors set to 100 counts, (ii) minimum intensity for fragment ions set to 30 counts, (iii) intensity set to 500 counts. Processed data was analyzed using trypsin as the cleavage protease, one missed cleavage was allowed and fixed modification was set to carbamidomethylation of cysteines, and variable modification was set to the oxidation of methionine. Minimum identification criteria included two fragment ions per peptide, five fragment ions per protein and a minimum of two peptides per protein. The false discovery rate (FDR) for peptide and protein identification was determined based on the search of a reversed database, which was generated automatically using PLGS when the global false discovery rate was set to 1 %. Functional protein association networks were constructed using AgBase, version 2.00 (agbase.msstate.edu).
Gel scanning and image analysis
The 2DE gels with visualized proteins were scanned using a specialized gel imaging system whose components were ImageScanner™ III (GE Healthcare Bio-Sciences, UK) and LabScan v6.0 sofware. The scanner was calibrated using the provided step tablet with the known optical density values. Gels were digitized at 16-bit pixel depth and 300 dpi resolution, and stored as TIFF™ format graphic files. The scanned 2DE gel images were analysed using our developed software toolset which runs in the Matlab™ environment (The MathWorks, Natick MA, USA). It included custom image pre-processing, alignment, segmentation, spot pairing, successive data analysis and visualization instruments. Our workflow of gel image analysis was based on one of the common procedures where image segmentation was performed after image registration. A more detailed sequence of operations was as follows: image pre-processing, spot detection in individual images, image registration, spot detection in the set of aligned images and spot pairing, extraction of spot boundaries in the original images, spot quantitation and differential analysis. Image pre-processing algorithms cope with intensity distortions caused by impulse noise (randomly occurring clearly brighter and darker Rape pollen and honey proteomic analysis , pixels) and non-uniform background (slowly varying background intensity level). Additionally, gel images are cropped to remove excessive areas that are not useful for the image registration. Image registration is based on feature matching strategy and has coarse and fine stages. Detected features are likely locations of protein spots, where local feature descriptors should be extracted. Paired features serve as control points for the initial rigid deformation of gels. Fine image registration detects refined correspondences between gels and performs elastic thin-plate spline transformation (Bookstein, 1989) to put matching spots into the same locations. Gel images must be segmented (Serackis & Navakauskas, 2010 ) and corresponding segments be found to enable a quantitative comparison of spots from different 2DE gel images (Dowsey et al., 2010; Valledor & Jorrín, 2011) . Performing spot detection on registered images allows us to achieve improved results compared to spot detection in original gels separately. Spot detection provides only probable positions of protein spots. Spot segmentation gives information on spot boundaries and is performed in original undistorted gels. Segmentation is guided by spot location information that was extracted during an earlier detection stage. Segmentation gives spot boundaries and area for the integration of the spot intensity, i.e. spot volume. Collected data on protein spot area and matchings between gels is used to perform differential analysis. Ratios of normalized spot quantities describe the differences between experimental groups.
RESULTS
The soluble proteins extracted from oilseed rape blossom honey, hand-collected oilseed rape pollen and bee-collected oilseed rape pollen were analyzed in three different ways (Fig. 1) ; proteins were separated by either SDS-PAGE or by 2DE on pH 3-11 IPG strips and stained Samples from oilseed rape (Brassica napus) hand-and bee-collected pollen or honey were separated on SDS-PAGE (1DE) and 2DE system and then subjected to mass spectrometry analysis. Fig. 2 . Quantitative analysis of the proteins from handand bee-collected Brassica napus pollen. Proteins from hand-(G1, winter rape Cult) and bee-(G2) collected pollen were fractionated by ordinary SDS/PAGE (A, lines 1 and 2) and by 2DE (A, G1 and G2). Protein maps representing hand-(G1) and bee-(G2) collected Brassica napus pollen were overlapped and quantitative changes in protein levels were evaluated by computer-assisted analysis ( with CCB and then mass spectrometry were prepared, or soluble proteins were analysed by direct gel-free mass spectrometry analysis using HDMS Synapt G2 mass spectrometer.
Protein profile comparison from hand-collected and bee-collected oilseed rape pollen We aimed to characterize the difference in proteome maps between hand-collected ( Fig. 2A,  G1 ) and bee-collected ( Fig. 2A, G2 ) oilseed rape pollen. Over 200 spots were detected using pH 3-11 IPG strips ( Fig. 2A , G1/G2) and analysed Rape pollen and honey proteomic analysis , into a few groups according to their biological functions presented in Figure 2B . We found these transcription factors (~6% of total identified proteins): probable WRKY transcription factor (Q9SUP6), protein SHI RELATED (Q9LQZ5) and a few Auxin-responsive proteins (Q38829, P49680). Another large group of detected proteins (68% of total identified proteins) in 2DE gels were involved in metabolic processes and biosynthesis: Ferredoxin (P00221), UDPglucuronic acid decarboxylase (Q9SN95), fructokinase-1 (Q9SID0), 3-ketoacyl-CoA thiolase 2 (Q56WD9) and others listed in Table 1 . The other identified proteins were important for ATP binding (33% of total identified proteins), transcription processes (3%), cytoskeleton/cell wall formation (19%), etc.
Protein profile from oilseed rape blossom honey Proteins from oilseed rape blossom honey were separated by SDS-PAGE or 2DE on pH 3-11 IPG strips and stained with CCB for visualization (Fig. 3) . Approximately four to five protein bands were seen on SDS-PAGE gel and were all excised and subjected to in-gel tryptic digestion and identification by mass spectrometry analysis (MALDI-TOF-MS) and plant/bee protein database searching. We identified only proteins of bee origin: major royal jelly proteins and galactosidase (Tab. 2, I-IV). 2DE map (Fig. 3) showed similar results. 28 protein spots were excised and subjected to in-gel tryptic digestion. The positions of all proteins identified on 2DE gels were within the expected range of their theoretical isoelectric points and molecular sizes. From the 2DE gels we identified only proteins of bee origin: major royal jelly proteins 1-5 and galactosidase (Tab. 2, no. 1-28).
Protein profile comparison from hand-or beecollected pollen and oilseed rape blossom honey by gel-free analysis Since we did not identify plant origin proteins in the honey samples, further the soluble proteins extracted from oilseed rape blossom honey, hand-collected oilseed rape pollen and bee-collected oilseed rape pollen were analyzed by direct gel-free mass spectrometry analysis using HDMS Synapt G2 mass spectrometer. All identified proteins from the gel-free samples are listed in Supplement 2. Table 3 contains the list of proteins that were identified in honey samples of Brassica napus origin and honeybee origin. They were divided into three groups based on their biological function: metabolic/ biosynthesis, lipid/ion transport and unknown function.
DISCUSSION
The goal of this study was to characterize proteins in rape seed (Brassica napus L.) pollen and honey and to find proteins of plant origin that would help to characterize the honey. Few studies had dealt with the proteome of honey or pollen collected from different plants, but in 2012 F. Girolamo reported about seven proteins that were constituents in every type of honey. All seven proteins were of animal origin (A. mellifera) except one glyceraldehyde-3-phosphate dehydrogenase from Mesembryanthemum crystallinum, which was found, apparently accidentally, in only one honey variety , and no additional proteins being attributed to plants, e.g. in pollen, nectar (Girolamo, D'Amato, & Righetti, 2012). Since hand-collected and bee-collected pollen can differ in chemical properties, e.g. vitamin content, we decided to compare proteomic 2DE maps and find the differences. All identified proteins were divided into groups depending on their function in the plant cell. A separate group of identified proteins are transcription factors. We observed that these proteins were more expressed in hand-collected pollen samples, especially Auxin-responsive protein IAA11, which were involved in many aspects of plant growth and development and long known to control diverse responses to external stimuli (Chandler, 2016) . Another transcription factor, the protein SHI RELATED, bound DNA on 5'-ACTCTAC-3' and promoted auxin homeostasis-regulating gene expression, e.g. YUC genes, as well as genes affecting stamen development, cell expansion and timing of flowering (Hong et al., 2012) . In a recent study, we had performed proteomic analysis of red, berseem and white clover pollen (Treigytė et al., 2014) and detected over 30 protein spots whose quantitative levels were most divergent in investigated clover pollen.
In rape seed we also identified PHD finger protein ALFIN-LIKE 4 protein (Supplement 1) which could be involved in chromatin remodeling and protein RALF-like 16 (Supplement 1) which could be important in cell-cell signaling as was suggested by Kayum et al. (2015) . In our study, we reported that SDS-PAGE or 2DE separation of rape seed blossom honey proteins could not represent all protein content. Only major royal jelly proteins and galactosidase of bee origin were detected and no plant proteins during gel-based analysis.
We carried out a gel-free analysis of rape seed pollen (hand-or bee-collected) and rape seed honey. We observed around twenty different plant (rape seed) proteins in the honey sample and all were involved in metabolic or biosynthesis processes like Tiosephosphate isomerase, Malic enzyme and Malate dehydrogenase. We also detected all major jelly proteins (1-9) from honeybees in the honey sample. The major royal jelly proteins (MRJPs) comprised 12.5% of the mass and 82-90% of the protein content of honeybee (Apis mellifera) royal jelly (Girolamo, D'Amato, & Righetti, 2012) . Royal jelly is a substance secreted by the cephalic glands of nurse bees and is used to trigger the development of a queen bee from a bee larva. The biological function of the MRJPs is unknown, but they are believed to play a major role in nutrition due to their high essential amino acid content (Bhattacharya et al., 1999) . Two royal jelly proteins, MRJP3 and MRJP5, contain a tandem repeat that results from a high genetic variability. This polymorphism may be useful for genotyping individual bees. We suggest that all identified proteins can be used for further investigation to find biological markers for honey of different origin types. 
